^ Application No.: 10/615,389 

AMENDMENTS TO THE CLAIMS 

1. (Cancelled) 

2. (Previously Presented) An optical amplification module according to claim 3, 
wherein the optical waveguide region doped with Er element is further doped with B element. 

3. (Previously Presented) An optical amplification module for collectively 
amplifying signal hght having multiplexed a plurality of channels in a single wavelength band 
including a wavelength region having a wavelength of 1610 nm or longer, said optical 
amplification module comprising: 

a Bi oxide based optical waveguide, comprised of Bi oxide based host glass, including an 
optical waveguide region doped with Er element, for propagating the signal light; 

a pumping hght supply system for supplying the optical waveguide region with pumping 
hght so as to generate a population inversion within the optical waveguide region of said Bi 
oxide based optical waveguide; and 

a control unit for adjusting an optical power of the pumping light supplied fi-om said 
pumping light supply system to said Bi oxide based optical waveguide so as to yield a relative 
gain non-uniformity of less than 25% in a net gain spectrum of said Bi oxide based optical 
waveguide at a predetermined operating temperature within an operating temperature range of 
said optical ampHfication module. 

4. (Original) An optical ampHfication module according to claim 3, wherein the 
relative gain non-uniformity is less than 19%. 
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5. (Previously Presented) An optical amplification module for collectively 
amplifying signal light having multiplexed a plurality of channels in a single wavelength band 
including a wavelength region having a wavelength of 1610 nm or longer, said optical 
amplification module comprising: 

a Bi oxide based optical waveguide, comprised of Bi oxide based host glass, including an 
optical waveguide region doped with Er element, for propagating the signal Ught; 

a pumping light supply system for supplying the optical waveguide region with pumping 
light so as to generate a population inversion within the optical waveguide region of said Bi 
oxide based optical waveguide; and 

a control unit for adjusting an optical power of the pumping light supplied fi:om said 
piunping light supply system to said Bi oxide based optical waveguide so as to yield a relative 
gain non-uniformity of less than 25% in a net gain spectrum of said Bi oxide based optical 
waveguide within a whole operating temperature range of said optical amplification module. 

6. (Original) An optical amplification module according to claim 5, wherein the 
relative gain non-uniformity is less than 19%. 

7. (Previously Presented) An optical ampUfication module for collectively 
amplifying signal light having multiplexed a plurality of channels in a single wavelength band 
including a wavelength region having a wavelength of 1610 nm or longer, said optical 
amplification module comprising: 
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a Bi oxide based optical waveguide, comprised of Bi oxide based host glass, including an 
optical waveguide region doped with Er element, for propagating the signal light; 

a pumping Ught supply system for supplying the optical waveguide region with pimiping 
light so as to generate a population inversion within the optical waveguide region of said Bi 
oxide based optical waveguide; and 

a control unit for adjusting an optical power of the pumping light supplied from said 
pumping light supply system to said Bi oxide based optical waveguide so as to yield a relative 
gain non-uniformity of less than 25% in a net gain spectrum of said Bi oxide based optical 
waveguide in a wavelength bandwidth exceeding 37 nm within a whole operating temperature 
range of said optical amplification module. 

8. (Original) An optical amplification module according to claim 7, wherein the 
wavelength bandwidth exceeds 50 nm. 

9. (Previously Presented) An optical amplification module for collectively 
amplifying signal light having multiplexed a plurality of channels in a single wavelength band 
including a wavelength region having a wavelength of 1610 nm or longer, said optical 
amplification module comprising: 

a Bi oxide based optical waveguide, comprised of Bi oxide based host glass, including an 
optical waveguide region doped with Er element, for propagating the signal light; 

a pumping Ught supply system for supplying the optical waveguide region with pumping 
light so as to generate a population inversion within the optical waveguide region of said Bi 
oxide based optical waveguide; and 
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a control unit for adjiisting an optical power of the pumping light supplied from said 
pumping light supply system to said Bi oxide based optical waveguide so as to yield a relative 
gain non-uniforaiity of less than 19% in a net gain spectrum of said Bi oxide based optical 
waveguide in a wavelength bandwidth exceeding 37 nm within a whole operating temperature 
range of said optical amplification module. 

10. (Original) An optical amplification module according to claim 9, wherein the 
wavelength bandwidth exceeds 50 nm. 

11. (Previously Presented) An optical amplification module for collectively 
amplifying signal light having muUiplexed a plurality of channels in a single wavelength band 
including a wavelength region having a wavelength of 1610 nm or longer, said optical 
amplification module comprising: 

a Bi oxide based optical waveguide, comprised of Bi oxide based host glass, including an 
optical waveguide region doped with Er element, for propagating the signal light; 

a pumping light supply system for supplying the optical waveguide region with pumping 
light so as to generate a population inversion within the optical waveguide region of said Bi 
oxide based optical waveguide; and 

a temperature detecting device for detecting a temperature of said Bi oxide based optical 
waveguide or nearby. 

12. (Previously Presented) An optical amplification module for collectively 
amplifying signal light having multiplexed a plurality of channels in a single wavelength band 
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including a wavelength region having a wavelength of 1610 nm or longer, said optical 
amplification module comprising: 

a Bi oxide based optical waveguide, comprised of Bi oxide based host glass, including an 
optical waveguide region doped with Er element, for propagating the signal light; 

a pumping Hght supply system for supplying the optical waveguide region with pumping 
light so as to generate a population inversion within the optical waveguide region of said Bi 
oxide based optical waveguide; and 

a temperature adjusting device for adjusting a temperature of said Bi oxide based optical 
waveguide or nearby. 

13. (Withdrawn) An optical amplification apparatus comprising: an optical 
amplification module according to claim 12; and 

a control unit for changing the temperature of said Bi type optical waveguide or nearby in 
said optical amplification module by AT (K) according to an actual gain change amoimt AG (dB) 
in said optical amplification module. 

14. (Withdrawn) An optical amplification apparatus according to claim 13, wherein 
said control xmit regulates the AT (K) so as to satisfy the following relationship: 

(AT •Gmin)x 0.0036 - 1.2 

(AT •Gmin)x 0.0036 +1.2 

where Gmin (dB) is the minimum value of actual gain within the signal wavelength band at 25^C 
in said Bi type optical waveguide alone. 
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15. (Withdrawn) An optical amplification apparatus according to claim 13, wherein 
said control unit comprises a memory having stored therein data of AG (dB) and AT (K) actually 
measured during an actual operation of said optical amplification apparatus. 

16. (Withdrawn) An optical amplification apparatus comprising: an optical 
amplification module according to claim 12; and 

a control unit for changing the temperature of said Bi type optical waveguide or nearby 
according to a detected gain tilt. 

17. (Withdrawn) An optical ampUfication apparatus comprising: 
an optical amplification module according to claim 12; 

a variable attenuator, disposed on a transmission path of the signal light, having a 
variable loss characteristic with respect to the signal light; and 

a control unit for ordering said Bi type optical waveguide of said optical amplification 
module to be heated and cooled when a detected gain tilt in said optical amplification module is 
positive and negative, respectively. 

18. (Withdrawn) An optical amphfication module according to claim 1, fiirther 
comprising a light-losing component, disposed on a transmission path of the signal light, having 
a variable loss characteristic with respect to the signal light. 
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19. (Withdrawn) An optical amplification module according to claim 18, wherein 
said light-losing component includes a variable optical attenuator. 

20. (Withdrawn) An optical amplification apparatus comprising: an optical 
amplification module according to claim 19; and 

a control unit for determining an optical attenuation amount AA (dB) in said variable 
optical attenuator in said optical amplification module according to a detected temperature 
change AT (K) of said Bi type optical waveguide or nearby in said optical amplification module. 

21. (Withdrawn) An optical amplification apparatus according to claim 13, fiirther 
comprising a variable attenuator, disposed on a transmission path of the signal light, having a 
variable loss characteristic with respect to the signal light; 

wherein said control unit regulates said variable attenuator such that an optical 
attenuation amount AA (dB) in said variable attenuator is in proportion to the detected 
temperature change AT (K). 

22. (Withdrawn) An optical amplification apparatus according to claim 13, further 
comprising a variable attenuator, disposed on a transmission path of the signal light, having a 
variable loss characteristic with respect to the signal light; 

wherein said control unit regulates said variable attenuator according to the temperature 
change AT (K) such that the optical attenuation amount AA (dB) in said variable optical 
attenuator satisfies the following relationship: 

-0.0036 'Gmin' AT - 1.2 
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<^A < 

- 0.0036 ■Gmin' AT +1.2 

where Gmin (dB) is the minimum value of actual gain within the signal wavelength band at 
in said Bi type optical waveguide alone in said optical amplification module. 

23. (Withdrawn) An optical amplification apparatus according to claim 20, wherein 
said control unit regulates said variable optical attenuator according to the actual gain change 
amount AG (dB) in said optical ampUfication module and the temperature change AT (K) such 
that the optical attenuation amount AA (dB) in said variable optical attenuator satisfies the 
following relationship: 

- 0.0036 *Gnun* AT -AG -1.2 
^AA 

-0.0036 'Gmin* AT -AG +1.2 

where Gmin (dB) is the minimum value of actual gain within the signal wavelength band at 25 °C 
in said Bi type optical waveguide alone in said optical amplification module. 

24. (Withdrawn) An optical amplification apparatus according to claim 20, wherein 
said control unit comprises a memory having stored therein data of actual gain change amoimt 
AG (dB) and temperature change AT (K) in said optical amplification module actually measured 
during an actual operation of said optical amplification apparatus. 
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25. (Withdrawn) An optical amplification apparatus according to claim 20, wherein 
said control imit comprises a memory having stored therein data of actual gain change amount 
AG (dB) and temperature change AT (K) in said optical amphfication module and optical 
attenuation amount AA (dB) in said variable optical attenuator actually measured during an 
actual operation of said optical amphfication apparatus. 

26. (Withdrawn) An optical amphfication apparatus comprising: 
an optical amphfication module according to claun 19; and 

a control unit for changing an optical attenuation amount AA (dB) of said variable optical 
attenuator according to a detected gain tilt in said optical amphfication module. 

27. (Withdrawn) An optical amphfication apparatus comprising: 

an optical amplification module according to claun 12 including a variable attenuator, 
disposed on a transmission path of the signal light, having a variable loss characteristic with 
respect to the signal hght; and 

a control unit for ordering said Bi type optical waveguide of said optical amphfication 
module to increase and decrease an optical attenuation amount AA (dB) of said variable optical 
attenuator when a detected gain tilt in the optical amplification module is positive and negative, 
respectively. 

28. (Previously Presented) An optical amphfication module according to claim 3, 
satisfying the following relationship: 

ttB ^.02 la 
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where ae (dB/m) is the background loss of said Bi tiype oxide based optical waveguide, and a 
(dB/m) is the absorption peak due to Er. 

29. (Previously Presented) An optical amplification module according to claim 3, 
satisfying the following relationship: 

ttB <0.015a 

where ae (dB/m) is the background loss of said Bi oxide based optical waveguide, and a (dB/m) 
is the absorption peak due to Er. 

30. (Previously Presented) An optical amplification module according to claim 3, 
wherein said Bi oxide based optical waveguide includes an optical fiber. 

31. (Previously Presented) An optical amplification module according to claim 3, 
wherein said pumping Hght supply system includes a light source having a center output 
wavelength falling within the range fi-om 1453 nm to 1473 nm at the highest output. 

32. (Previously Presented) An optical amplification module according to. claim 3, 
wherein said pumping light supply system includes a hght source always having a center output 
wavelength falling within the range from 1453 nm to 1473 nm. 

33. (Previously Presented) An optical amplification module according to claim 3, 
wherein said pumping light supply system comprises: 
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a semiconductor light-emitting device including a light-reflecting surface and a light- 
emitting surface opposing the light-reflecting surface; and 

a grating for reflecting a part of light having a specific wavelength in light emitted from 
the light-emitting surface of said semiconductor light-emitting device, and making thus emitted 
Hght incident on the inside of said semiconductor light-emitting device from the light-emitting 
surface. 

34. (Original) An optical amphfication module according to claim 33, wherein said 
grating includes an optical fiber grating formed on an optical fiber. 

35. (Withdravm) An optical amplification module according to claim 1, fiirther 
comprising a silica-based optical waveguide comprised of silica-based host glass including an 
optical waveguide region which is doped with Er element and through which the signal light 
propagates. 

36. (Withdrawn) An optical amphfication module according to claim 35, wherein 
said silica-based optical waveguide is disposed on a transmission path of the signal light so as to 
be located on the upstream side of said Bi type optical waveguide as seen in a traveling direction 
of the signal hght. 

37. (Withdrawn) An optical amphfication module according to claim 35, wherein 
said silica-based optical waveguide is disposed on a transmission path of the signal light so as to 



WDC99 1237916-L050212.0514 



12 



• AppUcation No.: 10/615,389 

be located on the downstream side of said Bi type optical waveguide as seen in a traveling 

/ 

direction of the signal Ught. 

38. (Withdrawn) An optical amplification module according to claim 35, wherein the 
optical waveguide region of said silica-based optical waveguide is codoped with P element and 
at least one of Al and La elements. 

39. (Currently Amended) An optical amplification apparatus comprising an optical 
amplification module according to claim 4- 3, said optical amplification module ampUfying signal 
light having multiplexed a plurality of channels included in L band. 

40. (Withdrawn) An optical amplification apparatus according to claim 39, further 
comprising a Raman amplification optical fiber disposed on a transmission path of the signal 
light so as to be located on the upstream side of said Bi type optical waveguide as seen in a 
traveling direction of the signal light. 

41. (Previously Presented) An optical ampUfication apparatus according to claim 39, 
further comprising a Raman amplification optical fiber disposed on a transmission path of the 
signal light as to be located on the upstream side of said Bi oxide based optical waveguide as 
seen in a traveling direction of the signal light, wherein said Raman ampUfication optical fiber is 
supplied with at least one of pumping light near a wavelength of 1470 nm and pumping Ught 
having a wavelength of 1520 nm or more. 
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42. (Withdrawn) An optical commxinications system comprising the optical 
amplification apparatus according to claim 39, said optical communications system transmitting 
signal light having multiplexed a plurality of channels included in L band, said optical 
amplification apparatus amplifying the signal light. 

43. (Withdrawn) An optical communications system according to claim 42, further 
comprising a Raman amplification optical fiber disposed on a transmission path of the signal 
light so as to be located on the upstream side of said optical amplification apparatus as seen in a 
traveling direction of the signal light. 

44. (Withdrawn) An optical communications system according to claim 43, wherein 
said Raman amplification optical fiber is supplied with at least one of pumping light near a 
wavelength of 1470 nm and pumping light having a wavelength of 1520 nm or more. 

45. (Previously Presented) An optical amplification module according to claim 5, 
wherein the optical waveguide region doped with Er element is fiirther doped with B element. 

46. (Previously Presented) An optical amplification module according to claim 5, 
satisfying the following relationship: 

as <0.021a 

where ae (dB/m) is the background loss of said Bi oxide based optical waveguide, and a (dB/m) 
is the absorption peak due to Er. 
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47. (Previously Presented) An optical amplification module according to claim 5, 
satisfying the following relationship: 

ttB <0.015a 

where ae (dB/m) is the backgroimd loss of said Bi oxide based optical waveguide, and a (dB/m) 
is the absorption peak due to Er. 

48. (Previously Presented) An optical amplification module according to claim 5, 
wherein said Bi oxide based optical waveguide includes an optical fiber. 

49. (Previously Presented) An optical amplification module according to claim 5, 
wherein said pumping light supply system includes a light source having a center output 
wavelength falling within the range fi*om 1453 nm to 1473 nm at the highest output. 

50. (Previously Presented) An optical amplification module according to claim 5, 
wherein said pumping light supply system includes a light source having a center output 
wavelength falling within the range fi'om 1453 nm to 1473 nm. 

51. (Previously Presented) An optical amplification module according to claim 5, 
wherein said pumping Ught supply system comprises: 

a semiconductor light-emitting device including a light-reflecting surface and a light- 
emitting surface opposing the light-reflecting surface; and 

a grating for reflecting a part of light having a specific wavelength in light emitted fi'om 
the light-emitting surface of said semiconductor light-emitting device, and making thus emitted 
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light incident on the inside of said semiconductor light-emitting device forai the light-emitting 
surface. 

52. (Previously Presented) An optical amplification module according to claim 7, 
wherein the optical waveguide region doped with Er element is further doped with B element. 

53. (Previously Presented) An optical ampUfication module according to claim 7, 
satisfying the following relationship: 

ttB <0.021a 

where ae (dB/m) is the background loss of said Bi oxide based optical waveguide, and a (dB/m) 
is the absorption peak due to Er. 

54. (Previously Presented) An optical amphfication module according to claim 7, 
satisfying the following relationship: 

ttB <0.015a 

where ae (dB/m) is the backgroxmd loss of said Bi oxide based optical waveguide, and a (dB/m) 
is the absorption peak due to Br. 

55. (Previously Presented) An optical amplification module according to claim 7, 
wherein said Bi oxide based optical waveguide includes an optical fiber. 
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56. (Previously Presented) An optical amplification module according to claim 7, 
wherein said pumping light supply system includes a light source having a center output 
wavelength falling within the range from 1453 nm to 1473 nm at the highest output. 

57. (Previously Presented) An optical amphfication module according to claim 7, 
wherein said pumping light supply system includes a Ught source having a center output 
wavelength falling within the range from 1453 nm to 1473 nm. 

58. (Previously Presented) An optical amplification module according to claim 7, 
wherein said pumping Ught supply system comprises: 

a semiconductor Ught-emitting device including a light-reflecting surface and a Ught- 
emitting surface opposing the light-reflecting surface; and 

a grating for reflecting a part of Ught having a specific wavelength in light emitted from 
the Ught-emitting surface of said semiconductor light-emitting device, and making thus emitted 
light incident on the inside of said semiconductor light-emitting device form the Ught-emitting 
surface. 

59. (Previously Presented) An optical amphfication module according to claim 9, 
wherein the optical waveguide region doped with Er element is fiirther doped with B element. 

60. (Previously Presented) An optical amphfication module according to claim 9, 
satisfying the following relationship: 

olb <0.021a 
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where ae (dB/m) is the background loss of said Bi oxide based optical waveguide, and a (dB/m) 
is the absorption peak due to Er. 

61. (Previously Presented) An optical amplification module according to claim 9, 
satisfying the following relationship: 

ae <0.015a 

where ae (dB/m) is the background loss of said Bi oxide based optical waveguide, and a (dB/m) 
is the absorption peak due to Er. 

62. (Previously Presented) An optical amplification module according to claim 9, 
wherein said Bi oxide based optical waveguide includes an optical fiber. 

63. (Previously Presented) An optical amplification module according to claim 9, 
wherein said pumping light supply system includes a light source having a center output 
wavelength falling within the range from 1453 nm to 1473 nm at the highest output. 

64. (Previously Presented) An optical amplification module according to claim 9, 
wherein said pumping light supply system includes a hght source having a center output 
wavelength falling within the range from 1453 nm to 1473 nm. 

65. (Previously Presented) An optical amplification module according to claim 9, 
wherein said pumping light supply system comprises: 
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a semiconductor light-emitting device including a light-reflecting surface and a light- 
emitting surface opposing the light-reflecting surface; and 

a grating for reflecting a part of light having a specific wavelength in light emitted fi-om 
the light-emitting surface of said semiconductor light-emitting device, and making thus emitted 
light incident on the inside of said semiconductor light-emitting device form the Hght-emitting 
surface. 

66. (Previously Presented) An optical ampUfication module according to claim 11, 
wherein the optical waveguide region doped with Er element is further doped with B element. 

67. (Previously Presented) An optical amplification module according to claim 11, 
satisfying the following relationship: 

as <0.021a 

where as (dB/m) is the background loss of said Bi oxide based optical waveguide, and a (dB/m) 
is the absorption peak due to Er. 

68. (Previously Presented) An optical amplification module according to claim 11, 
satisfying the following relationship: 

ae <0.015a 

where ae (dB/m) is the backgroimd loss of said Bi oxide based optical waveguide, and a (dB/m) 
is the absorption peak due to Er. 
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69. (Previously Presented) An optical amplification module according to claim 11, 
wherein said Bi oxide based optical waveguide includes an optical fiber. 

70. (Previously Presented) An optical amplification module according to claim 11, 
wherein said pimiping light supply system includes a light source having a center output 
wavelength falling within the range fi-om 1453 nm to 1473 nm at the highest output. 

71. (Previously Presented) An optical ampUfication module according to claim 11, 
wherein said pumping light supply system includes a hght source having a center output 
wavelength falling within the range from 1453 nm to 1473 nm. 

72. (Previously Presented) An optical amplification module according to claim 11, 
wherein said pumping light supply system comprises: 

a semiconductor light-emitting device including a light-reflecting surface and a light- 
emitting surface opposing the light-reflecting surface; and 

a grating for reflecting a part of light having a specific wavelength in hght emitted from 
the light-emitting surface of said semiconductor light-emitting device, and making thus emitted 
light incident on the inside of said semiconductor light-emitting device form the light-emitting 
surface. 

73. (Previously Presented) An optical amplification module according to claim 12, 
wherein the optical waveguide region doped with Er element is fiirther doped with B element. 
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74. (Previously Presented) An optical amplification module according to claim 12, 
satisfying the following relationship: 

ae ^.021a 

where ae (dB/m) is the background loss of said Bi oxide based optical waveguide, and a (dB/m) 
is the absorption peak due to Er. 

75. (Previously Presented) An optical amplification module according to claim 12, 
satisfying the following relationship: 

ttB <0.015a 

where ae (dB/m) is the background loss of said Bi oxide based optical waveguide, and a (dB/m) 
is the absorption peak due to Er. 

76. (Previously Presented) An optical amplification module according to claim 12, 
wherein said Bi oxide based optical waveguide includes an optical fiber. 

77. (Previously Presented) An optical amplification module according to claim 12, 
wherein said pumping light supply system includes a light source having a center output 
wavelength falling within the range firom 1453 nm to 1473 nm at the highest output. 

78. (Previously Presented) An optical amplification module according to claim 12, 
wherein said pumping light supply system includes a light source having a center output 
wavelength falling within the range from 1453 nm to 1473 nm. 
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79. (Previously Presented) An optical amplification module according to claim 12, 
wherein said pumping light supply system comprises: 

a semiconductor light-emitting device including a light-reflecting surface and a Ught- 
emitting surface opposing the light-reflecting surface; and 

a grating for reflecting a part of light having a specific wavelength in light emitted firom 
the light-emitting surface of said semiconductor hght-emitting device, and making thus emitted 
light incident on the inside of said semiconductor hght-emitting device form the light-emitting 
surface. 
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